Rationale: Data are limited regarding the safety of 12-dose onceweekly isoniazid (H, 900 mg) plus rifapentine (P, 900 mg) (3HP) for latent infection treatment during pregnancy.
Treatment of latent tuberculosis (TB) infection (LTBI) in high-risk populations is an important strategy for TB prevention and elimination. In 2014, almost half a million women died from TB worldwide (1, 2) . Women of reproductive age (15-51 yr) may show higher rates of progression of LTBI to TB compared with men of similar age (3) (4) (5) (6) (7) . In addition, mortality during pregnancy and in the postpartum period is particularly high in women with concurrent human immunodeficiency virus (HIV) and Mycobacterium tuberculosis disease (8) .
The prevalence of LTBI among pregnant women in the United States is not known with certainty, and has been assumed to be similar to the estimated LTBI prevalence in women in the U.S. population (4.4%) (9) (see Table E1 in the online supplement). Estimated LTBI prevalence is substantially higher among foreign-born compared with U.S.-born persons (20.5% vs. 1.5%) (9) . Although treatment of LTBI may be a low priority for most pregnant women, some pregnant women are high priority for treatment, such as those with HIV, and contacts of persons with TB. Therefore, knowledge of the safety profiles of available LTBI therapies is of public health importance.
For pregnant women with LTBI who are at high risk of developing active TB, the current recommendation is to initiate, without delay, daily or twice weekly isoniazid for 9 months; for women who are not at high TB risk, the recommendation is to delay LTBI treatment until after delivery to avoid the possibly increased risk of hepatotoxicity during pregnancy and the early postpartum period (10) (11) (12) . The Tuberculosis Trials Consortium (TBTC) PREVENT TB trial demonstrated that a 12-dose once-weekly regimen of isoniazid (H, 900 mg) plus rifapentine (P, 900 mg) given under direct observation (3HP) was as safe and effective as the standard 9-month self-administered daily isoniazid (H, 300 mg) (9H) regimen (13) . The TBTC iAdhere trial demonstrated (in a preplanned subgroup analysis) that treatment completion of self-administered 3HP was noninferior in the United States to treatment completion of 3HP given under directly observed therapy (14) . Although pregnancy was an exclusion criterion in these trials due to lack of safety data on rifapentine during pregnancy (15) , some participants became pregnant and were inadvertently exposed to study medications. The objective of this analysis was to assess the safety of 3HP and 9H among these pregnant women and their newborns.
Some of the results of this study have been previously reported in the form of an abstract (16) .
Methods
The TBTC PREVENT TB trial (TBTC Study 26) was a phase 3, open-label, randomized trial that compared 3HP to 9H for treatment of LTBI; participants were enrolled from the United States/Canada (n = 7,460), Brazil (n = 793), Spain (n = 270), and Peru (n = 65) (13) . The TBTC iAdhere trial (TBTC Study 33) was a phase 4, open-label, randomized trial that compared adherence between participants assigned to receive either self-administered or directly observed 3HP; participants were enrolled from the United States (n = 774), Spain (n = 100), South Africa (n = 83), and Hong Kong (n = 45) (14) . All participants provided written informed consent for participation in the studies. Institutional review boards at the U.S. Centers for Disease Control and Prevention and at participating clinical sites approved the study protocols.
In both trials, women who were pregnant, planning to become pregnant before completing treatment, or breastfeeding were excluded. A pregnancy test was performed on all women of reproductive potential (as determined locally by site staff) within 14 days before enrollment, and during treatment if pregnancy was suspected. Women of reproductive potential allocated to 3HP were advised to practice a barrier method of birth control (due to the concern of possible interaction of rifapentine and hormonal methods), and were discouraged from getting pregnant due to the unknown safety of 3HP during pregnancy. After pregnancy was diagnosed, treatment was immediately discontinued for women receiving 3HP. They were offered to change treatment to 9H. Participants receiving 9H at the time of diagnosis of pregnancy were given the option to continue treatment. Nonpregnant women of reproductive age were included in this analysis to compare demographic characteristics and adverse events to those seen in pregnant women.
Treatment completion was defined as taking at least 11 of 12 doses within 10-16 weeks for 3HP or at least 240 of 270 doses within 35-52 weeks for 9H. Men, women under 15 or over 51 years of age, persons determined after enrollment to be ineligible, and those who never initiated treatment were excluded from this analysis.
Participants receiving 3HP made clinical evaluation visits at Weeks 4, 8, and 12. Those receiving 9H had nine monthly visits during treatment. Participants in PREVENT TB were followed for 33 months after enrollment. Adverse events, weight, symptoms of TB, and concomitant medications were assessed at each visit. We asked about the following outcomes of pregnancies that occurred during treatment or follow-up after the last dose of study drug: spontaneous abortion, elective abortion, live birth, fetal death, and congenital anomalies, or birth defect in live birth or fetal death products. These outcomes were not defined on the reporting forms. For the purpose of this analysis, we defined spontaneous abortion as fetal loss at less than 20 weeks gestation and stillbirth as fetal loss at or over 20 weeks gestation (17) . We accepted any report of congenital anomaly defined by the local investigator. The case report forms requested a "date of onset" and an "estimated date of delivery" (EDD) for reported pregnancy, and "date of outcome" for follow-up reports on pregnancies. Reporting of these dates was inconsistent: site staff variably reported the date when the pregnancy was first diagnosed, the date when the participant had notified the site about the pregnancy, or the first day of the last menstrual period (LMP) before the Eligible (n = 393) Figure 1 . Pregnancy events safety assessment. This figure shows the total number of participants who were enrolled in the PREVENT TB and the iAdhere trials. Certain groups were excluded to select women of reproductive age who were evaluated in this analysis. In addition, pregnancies in which the estimated date of conception occurred after the last study dose were excluded to identify pregnancies that had been exposed to the study drugs. *Reasons for ineligibility: false positive TST (n = 3), lack of sensitivity test for the index case (n = 4), negative tuberculosis culture of the source (n = 31), isoniazid and rifapentine resistant of the source (n = 53), tuberculosis at enrollment (n = 1). † One participant reported 2 pregnancies (EDC occurred before and after the LD for each pregnancy). 3HP = 12-dose once-weekly regimen of isoniazid (900 mg) plus rifapentine (900 mg); 9H = 9-month daily isoniazid (300 mg); EDC = estimated date of conception; LD = last study dose; TST = Tuberculin Skin Test.
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difference of proportions between regimens for fetal loss and congenital anomalies (19, 20) . The proportion of fetal loss in this study was compared with the proportion estimated for the United States (21) . Only the point estimate for the U.S. proportion of congenital anomalies is provided in Reference 22 (3%).
Results
Of 9,594 participants enrolled in both trials, 6,455 were excluded (5, 208 Figure 1 ). Thus, 87 pregnancies were judged more likely to have been exposed to study drugs and 39 were deemed less likely to have been exposed (although the fetuses may have had some exposure given the long half-lives of the drugs). Results are reported among those likely to have been exposed and separately among all pregnancies.
A total of 31 (36%) pregnant women were likely exposed to 3HP and 56 (64%) to 9H. Median ages at enrollment were 23 and 25 years for participants receiving 3HP and 9H, respectively. Most demographic characteristics at enrollment between pregnant women exposed to 3HP or 9H, and between pregnant and nonpregnant women, were similar. However, completion of high school was lower among women who became pregnant on either treatment regimen, and unemployment was higher for pregnant women on the 3HP regimen. We found no differences in alcohol intake or cigarette smoking between pregnant and nonpregnant women (Table 1 and Tables  E2 and E3) .
We accepted the EDC reported by investigators in 14/87 (16%) pregnancies, because the reported EDD and EDC were consistent with the expected length of pregnancy. For the remaining pregnancies, Table 1 . Demographic characteristics among participants who reported pregnancy and were considered exposed to study drugs Definition of abbreviations: 3HP = 12-dose once-weekly regimen of isoniazid (900 mg) plus rifapentine (900 mg); 9H = 9-month daily isoniazid (300 mg); HIV = human immunodeficiency virus; IDU = intravenous drug use; IQR = interquartile range; LTBI = latent tuberculosis infection; TST = Tuberculin Skin Test. *Subjects were counted only once in the order presented. The total number of HIV-infected persons who were enrolled in the study is listed separately in this table. † Intravenous drug use ever.
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we estimated EDC based on the algorithm in Table 2 . To calculate EDC, 14 days were added to the LMP date in 31/87 (37%), 266 days were subtracted from EDD in 37/87 (43%), 266 days were subtracted from the date the baby was born in 4/87 (5%), and EDC was calculated from the gestational age in 1/87 (1%) ( Table 2 ). All fetal losses occurred in pregnancies under 20 weeks. Among the 87 pregnancies judged likely to have been exposed to study drugs, fetal loss was reported for 4/31 (13%) and 8/56 (14%) for 3HP and 9H, respectively (difference, 13% 2 14% = 21%; 95% CI = 217% to 118%), and congenital anomalies in 0/20 and 2/41 (5%) live births for 3HP and 9H, respectively (difference, 0% 2 5% = 25%; 95% CI = 218% to 116%) ( Table 3 ). The median number of days between EDC and fetal loss was 48 and 53 in women who received 3HP and 9H, respectively. The reported infant with Turner syndrome was not part of this group.
Among all reported pregnancies (126 [3HP = 54, 9H = 72]), fetal loss was reported for 8/54 (15%) pregnant women taking 3HP, and for 9/72 (13%) taking 9H. Among live births, the frequency of reported congenital anomalies was 1/37 (3%) and 2/56 (4%) for 3HP and 9H, respectively; all three of these were reported from North American sites. The overall proportions of fetal loss (17/126 [13%] ) and of anomalies (3/93 [3%]) were similar to those estimated for the United States, 17% and 3%, respectively (Table 3) . Among live births, reported congenital anomalies included: one infant with a congenital heart anomaly and bilateral cleft lip and palate whose mother (age 29 yr) had received 80 doses of 9H; one infant with pyloric stenosis whose mother (age 26 yr) had received 26 doses of 9H; and one infant with karyotype-confirmed Turner syndrome whose mother (age 35 yr) had received 12 doses of 3HP (in this participant, the EDC [based on EDD 2 266] was 53 days after the last dose of study drug) ( Table 4) .
We received no reports of maternal death, fetal death, or neonatal/postneonatal death. One suspected case of Down syndrome was reported in a pregnancy ending in spontaneous abortion. The mother (age 36 yr) had received 12 doses of 3HP; her EDC (based on the LMP) was 7 days after the last dose of study drug. Down syndrome was suspected based on quadruple screen and cystic hygroma, but chromosomal analysis was not done, preventing confirmation of Down syndrome. We do not know if any of the remaining 16 fetal losses were assessed for anomalies.
Among the pregnancies judged likely exposed to study drugs, in 9/31 (29%) and 14/56 (25%) on 3HP and 9H, respectively, the pregnancy was discovered after they had completed treatment. None of the 22 women who became pregnant before completing 3HP changed therapy to 9H. The median lengths of study drug exposure during pregnancy were 20 and 33 days for women taking 3HP and 9H, respectively. Discontinuation of treatment because of an adverse event, after becoming pregnant, was reported for one woman receiving 9H (fatigue and weakness after 60 doses of 9H). Another participant on 9H developed hepatotoxicity. No additional adverse events were reported for pregnant women receiving 3HP (Table 5 and Table E4 ).
Discussion
In this study of pregnancies inadvertently exposed to 3HP or 9H, there were no unexpected patterns of fetal loss or congenital anomalies. Women who became pregnant while taking 3HP or 9H for LTBI treatment in the PREVENT TB or the iAdhere trial experienced fetal loss in 13%-14% of pregnancies exposed to each regimen. This is comparable to the U.S. background in the general pregnant population. In 2008, fetal losses (all gestational ages) reported by 45 states among 6,578,000 pregnancies in women through age 44 years was 17% (21) . The rate of spontaneous abortion ranged from 14% to 23% among 3,269 pregnancies reported by 1,572 women (age 15-44 yr) in New York and Vermont between 1980 and Definition of abbreviations: 3HP = 12-dose once-weekly regimen of isoniazid (900 mg) plus rifapentine (900 mg); 9H = 9-month daily isoniazid (300 mg); DOB = date of birth; DOB(r) = DOB reported by the site; EDC = estimated date of conception; EDC(r) = EDC reported by the site; EDD = estimated delivery date; EDD(r) = EDD reported by the site (e.g., if a child was born prematurely, the calculation of EDD 2 266 is still considered accurate, as EDD was calculated by the clinician at enrollment, most likely using LMP; however, LMP was not reported); LMP = last menstrual period.
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1990 (23) . In Finland, among 3,000 women aged 18-44 years, spontaneous abortion ranged from 12% to 21% (24) , whereas, in the United Kingdom, it was reported as 12% for all ages (25, 26) . The proportion of reported defects among the 93 live births was comparable to U.S. estimates (3%) (22), and not statistically significantly different by regimen. The prevalence of defects among infants and fetuses from 1968 to 2003 in the five counties of metropolitan Atlanta was 2.7% (22, 27) . Diagnosis was confirmed in three of the four congenital anomalies reported in this study. The suspected case of Down syndrome (suspected based on a positive quadruple screen and presence of cystic hygroma) was not confirmed by karyotype. The quadruple screen, which measures a-fetoprotein, unconjugated estriol, human chorionic gonadotropin, and inhibin A in maternal serum, has a 5% false-positive rate and a detection rate of 80% (28) . Cystic hygroma is more frequently associated with Turner syndrome than with Down syndrome, and can also occur in the absence of any chromosomal anomaly (29) . It has been suggested that environmental factors, including drug exposure, could affect maternal oocytes before pregnancy, perhaps causing chromosome nondisjunction that could lead to Down or Turner syndrome (30) . Thus, prepregnancy drug exposures might affect pregnancy outcomes.
The U.S. Food and Drug Administration has released the Pregnancy and Lactation Labeling Final Rule (PLLR) to replace the former pregnancy risk categories based on letters (A, B, C, D, and X), with the intention of providing more information to patients and health care providers. Under PLLR labeling, pregnancy risk information is summarized under the subtitles of: pregnancy, lactation, and female and male reproductive potential (31) .
Presently, isoniazid and rifapentine remain classified as risk category C, as their labels have not yet been updated under the PLLR. Category C means that animal studies have shown adverse effects on the fetus, but data are not available in humans. In ) and the U.S. estimate (only the point estimate is provided in the reference) (3%) (22) : difference, 3% 2 3% = 0. One infant with congenital heart anomaly, bilateral cleft lip and palate (mother's age = 29, 80 9H doses received); one infant with pyloric stenosis (mother's age = 26 yr, 26 9H doses received); one Turner syndrome (mother's age = 35 yr, 12 3HP doses received), conception date was estimated as 53 days after the last study dose. ORIGINAL RESEARCH addition, the human response to drugs cannot always be predicted reliably from animal studies. It has been recommended that category C drugs be used in pregnancy only if the benefit justifies the potential risk (32). Treatment of active TB in a pregnant woman has been shown to be beneficial for the mother and the baby by decreasing the risk for low birth weight, preterm labor, pre-eclampsia, and early fetal death (33) . However, it is not clear whether LTBI should be treated during pregnancy. The available data do not consistently suggest that pregnancy increases the risk of progression to active TB (34) (35) (36) (37) (38) (39) . Even if pregnancy alone does not increase the risk of TB, some women are at increased risk of progression, and may benefit from LTBI treatment (e.g., those with HIV coinfection or recently infected with M. tuberculosis).
Isoniazid has not been found to be associated with congenital anomalies, even if it is given early in pregnancy, making 6-9 months of daily isoniazid the recommended treatment for pregnant women at risk of developing TB (10). We found no well-controlled studies of pregnant women exposed to rifapentine. We are not aware of any reports of human birth defects associated with the use of rifapentine; embryo-fetal toxicities have been reported in rats and rabbits (40) . Clinical hypoprothrombinemia manifested by postpartum and infant bleeding due to exposure to rifampin during the last weeks of pregnancy has been reported in humans (33) . A case report described a limb anomaly in the child of a mother with no other risk factors who received isoniazid and rifampin during the first 2 months of pregnancy for treatment of TB (41) .
Other congenital anomalies, such as hydrocephalus, anencephaly, and limb defects, have been inconsistently reported with the use of rifampin (42, 43) .
Our study provides important information on exposure to rifapentine early in pregnancy. The results of this study will provide clinicians comfort while counseling pregnant women who may have been exposed to 3HP. Additional safety data will come from the IMPAACT 2001 trial. This ongoing study aims to enroll 82 HIVinfected and HIV-uninfected pregnant (second and third trimesters) and postpartum women with latent TB to evaluate the pharmacokinetics, tolerability, and safety of 3HP in these participants (44) . Inclusion of pregnant women in clinical ORIGINAL RESEARCH trials would provide good evidence to develop standards for prevention and treatment of TB during pregnancy (45) . In 29% of 31 pregnant women exposed to 3HP in these two studies, pregnancy was diagnosed after completion of treatment, and no adverse events were reported among this group. For seven of the nine pregnant women who completed 3HP treatment, the pregnancy outcome occurred after the last study dose (live birth [n = 5]; fetal loss [n = 2]). The only event of hepatotoxicity occurred in a woman exposed to 9H. Franks and colleagues (12) reported five cases of hepatitis attributed to isoniazid among 3,681 pregnant women who received LTBI treatment during and soon after delivery, of whom 2 died; they reported a 2.5-times increase in the risk of isoniazid hepatitis among pregnant and postpartum Hispanic women compared with nonpregnant women.
Contradictory beliefs about the effect of pregnancy on the progression of TB have been present for centuries. In the 19th century, it was thought that tuberculous cavities could be compressed by an enlarged uterus for therapeutic benefit; a century later, induced abortion was commonly practiced to treat TB among pregnant women (38) . More recently, studies have evaluated the risk of TB reactivation in pregnancy with inconsistent findings. A case-control study in the Dominican Republic found no association between pregnancy and the risk of developing active TB among HIV-infected and noninfected women (34) . A study of 177 pregnant women with TB in the United Kingdom found that the rate of TB during pregnancy and postpartum was significantly higher than in nonpregnant women; after adjusting for confounding factors, the risk of TB was statistically higher during the 180-day postpartum period, but not during pregnancy (39) . It has been suggested that immunologic changes during pregnancy, such as suppression of the T helper 1 response and cytokines (IL-12, IFN-ϒ), increase the risk of reactivation of endogenous M. tuberculosis and development of TB (46) . Older immunological models hypothesized that the maternal immune system controlled responses to the developing fetus and external micro-organisms. Recent studies support an integrational model, where the immune responses of the placenta, the fetus, and the mother are integrated and coordinated. This coordinated response model suggests that there is not an increased susceptibility to infectious diseases during pregnancy (47) .
Although our sample size is small, ours is the only report to date of women who became pregnant while exposed to 3HP treatment for LTBI. Our study is limited by evaluation of safety outcomes in this subgroup not being a primary study aim of either trial, and pregnant women were excluded from enrollment in both trials. Because both trials were open label, participants receiving the weekly 3HP regimen under observation therapy may have received more careful monitoring or more frequent counseling about avoiding pregnancy during treatment. This may partly explain the lower frequency of pregnancy in the 3HP (31/1,729) compared with the 9H group (56/1,372). In addition, the longer duration of 9H treatment contributes to the higher frequency of pregnancy in this group. We have no information on many potential confounders, such as reproductive history, medical comorbidities, or drug use. The two trials did not capture some important pregnancy-related outcomes, such as intrauterine growth restriction or preeclampsia. The length of drug exposure may have been over-or underestimated based on the inconsistent reporting of date of conception. We tried to estimate the date of conception in cases where LMP had not been reported. A minor limitation is that our definition of drug exposure does not account for the different half-lives of the study drugs (2-5 h for isoniazid and 12-15 h for rifapentine) (40) . In terms of drug exposure, it is important to note that participants on directly observed therapy probably ingested optimal dosing of 3HP, which may be different from participants who selfadministered 3HP. Another important limitation is that comparisons between proportions of pregnancy outcomes in this study and those reported for the United States have not been adjusted for differences Participants who reported an adverse event, n (%) 0 (0) 7 (12.5)
Discontinued due to an adverse event, n (%) 0 (0) 1 (1.8) Toxicity grade, n (%) Definition of abbreviations: 3HP = 12-dose once-weekly regimen of isoniazid (900 mg) plus rifapentine (900 mg); 9H = 9-month daily isoniazid (300 mg); IQR = interquartile range. Adverse event other than pregnancy; *Women were considered exposed to the study drug(s) during pregnancy if they took at least one study dose and if the estimated date of conception was on or before the last study dose date. † Live birth (6), elective abortion (2). ‡ Live birth (6), fetal loss (1).
x For participants reporting multiple adverse events with same toxicity, the earliest adverse event is reported.
ǁ
Participants with multiple adverse events can be present in more than one grade of toxicities and in more than one adverse event classification.
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in the demographics of female participants in this study from those of the U.S. female population (for example, our study population was 59% white, 24% black, and 13% Asian; the U.S. female population aged 15-44 yr in 2010 was 77% white, 15% black, and 6% Asian) (48) .
In conclusion, these data offer some preliminary reassurance to clinicians and patients in circumstances in which these drugs and regimens are the best option in pregnancy or in women of child-bearing potential. More definitive safety data will come from systematic and prospective efforts to collect information regarding pregnancy outcomes among women treated with TB preventive therapy in clinical practice, and by including pregnant women in clinical trials whenever possible, safe, and appropriate. n Author disclosures are available with the text of this article at www.atsjournals.org.
